The haemodynamic effects of a 10:1 mixture of trimetaphan and nitroprusside have been studied before and during the course of surgery, in 12 patients placed in 5° reverse Trendelenburg position. Six patients breathed spontaneously and in six the lungs were ventilated artificially. The mixture had a potent hypotensive action that was almost as rapid in onset and recovery as that produced by nitroprusside alone, but the required dose of each drug was decreased considerably. In patients breathing spontaneously, cardiac output remained unchanged on the induction of hypotension, but it decreased significantly in the IPPV group. Heart rate increased, and stroke volume, peripheral resistance and central venous pressure decreased in both groups. The start of surgery was associated with a need to increase the dose of the hypotensive mixture, and with a further increase in heart rate and decrease in stroke volume. Levelling the operating table produced an increase in cardiac output and discontinuation of the mixture resulted in a rapid return of all measurements towards control values.
In an attempt to obtain the beneficial effects of sodium nitroprusside as an agent for induced hypotension, without the risk of toxicity from the release of cyanide, the efficacy of a 10:1 mixture of trimetaphan camsylate plus sodium nitroprusside was assessed recently (MacRae, Wildsmith and Dale, 1981) . Clinical use demonstrated that induction of, and recovery from, systemic hypotension were almost as rapid as with nitroprusside alone and that a marked decrease in the dose of both drugs was achieved. This paper describes a study of the haemodynamic effects of this mixture. Patients were studied during spontaneous or artificial ventilation because of the continuing controversy as to which technique is more appropriate in association with induced decreases in arterial pressure.
PATIENTS AND METHODS
Twelve healthy patients undergoing major otolaryngological procedures, in which induced hypotension is used routinely, gave informed consent for the study. Premedication, diazepam lOmg by mouth, was administered 1 h before the induction of anaesthesia with thiopentone 350-500 mg i.v. The first six patients breathed spontaneously (SV) following intubation of the trachea facilitated by suxamethonium 50-75 mg. The remainder of the pa-tients received alcuronium 15-20mg and their lungs were ventilated artificially (IPPV) at 15 b.p.m. In these patients the tidal volume was adjusted to maintain an end-tidal carbon dioxide tension (PECO2) (measured with a Hewlett-Packard HP 42710A capnometer) of 5.3 kPa. Anaesthesia was maintained with 50:50 nitrous oxide in oxygen supplemented with halo thane 1.5-2.0% in SV patients and 1.0-1.5% during IPPV-The precise concentration was determined by the clinical requirements of the individual patient, and remained unchanged during each study. All patients were supine with a 5° head-up tilt.
After the induction of anaesthesia radial artery (20-gauge Venflon) and central venous (16-gauge E-Z Cath) catheters were inserted percutaneously to permit measurement of intravascular pressures (Trantec (Bentley) transducers and matching amplifiers). Zero level was the mid-axillary line at the 5th intercostal space. Mean pressures were derived electronically. Heart rate was derived from the ECG. Cardiac output was measured with a dye dilution method using indocyanine green which was injected via the central venous catheter by a semi-automatic injector which delivered volumes within ±2% of each other. Blood was withdrawn (Harvard infusion/withdrawal pupip) from the arterial catheter through a Waters DC 303 cuvette, connected to a DCR 701 cardiac output computer. After withdrawal blood was returned to the patient via a peripheral venous cannula. The dye curves and other signals were recorded on a Bell and Howell 5-137 oscillograph. Stroke volume and peripheral resistance were derived from the measured data.
The experimental programme is summarized in table I. Once anaesthesia was stable, four control measurements were obtained at intervals of 2min with arterial blood being withdrawn for blood-gas analysis (Radiometer BMS 3 system) after the third cardiac output measurement. A peripheral i.v. infusion of 5% dextrose containing trimetaphan camsylate 125 mg (Arfonad, Roche) and sodium nitroprusside 12.5mg (Nipride, Roche) in 500ml was commenced and the rate of infusion adjusted with an infusion pump (Imed 928) to produce a systolic arterial pressure between 55 and 60mmHg before an identical series of measurements was performed.
Surgery was started and the infusion adjusted as necessary to maintain the same degree of hypotension throughout the operation. The infusion rate was noted at each stage. Paired measurements of cardiac output, heart rate and intravascular pressures were obtained just after the start of surgery, at the end of the operation, and after levelling of the operating table. A third blood-gas sample was taken and the infusion discontinued. A final four sets of measurements were obtained at intervals of 2min after stopping the infusion and a fourth sample for blood-gas analysis taken.
Subsequent statistical analyses were performed using t tests for paired or unpaired data as appropriate.
RESULTS
The two groups of patients were comparable in terms of age, weight, preoperative heart rate and arterial pressure, and duration of operation (table  IT) .
Drug dose (table III) . A progressive increase in infusion rate was required to maintain hypotension in both groups after the start of surgery. Infusion rates and total doses were similar in the two groups and the total doses of nitroprusside used were small (maximum in any patient 0.29 mg kg" 1 ). Mean arterial pressure ( fig. 1 ). There was a progressive decrease in arterial pressure to the target figure of 55-60 mm Hg systolic consequent upon the infusion of the hypotensive mixture. In the SV group, this was reached in a mean time of 6.2 min compared with 5.5 min in the IPPV group (table  III) . The difference was not statistically significant. Hypotension was maintained easily, but in every patient an increase in infusion rate (table III) was Comparison of infusion data in the two groups (means (SD)). P = probability for benoeen-group differences. P = probability for within-group changes required when surgery commenced. Further increases in infusion rate were required to maintain the same degree of hypotension in several patients during the course of surgery. Levelling of the operating table produced minor changes in arterial pressure, and discontinuing the infusion was followed by a rapid increase to control values.
Cardiac output (fig. 2) . The induction of hypotension was associated with little change in cardiac output in SV patients, but there was a statistically significant decrease in the IPPV group (paired t test). However, the difference between the SV and IPPV groups was not significant. The start of surgery produced no change in cardiac output, but by the end of the operation it had increased in both groups. The increase was significant in the SV group.
Levelling the operating table produced a significant increase in both groups. Stopping the infusion caused a tendency for the cardiac output to decrease, although it was still greater than the control value at the end of the study in the SV group.
Heart rate ( fig. 3 ). There was a significant difference in heart rate between the two groups during the control period, presumably as a result of the alcuronium received by the IPPV patients. Heart rate increased with the induction of hypotension and again after the start of surgery in both groups, but only the second change was significant. By that time, there was no significant difference in heart rate between the groups. Subsequent changes were minor. On discontinuing the infusion, heart rate decreased as arterial pressure increased. (fig. 4) . CVP was greater in SV patients during the control period, and less than in IPPV patients thereafter, but none of the differences was significant. The decreases in CVP that occurred on the induction of hypotension were significant in both groups. Small increases occurred when the operating table was levelled, and there was a more major change after withdrawal of the mixture.
Central venous pressure (CVP)
Stroke volume (fig. 5 ). There was a statistically significant decrease in stroke volume in both groups of patients associated with the induction of hypotension, and a further decrease in SV patients after the start of surgery. At the end of the procedure, the main change was an increase in stroke volume in both groups when the table was levelled. Discontinuation of the infusion had little effect on stroke volume.
Peripheral resistance ( fig. 6 ). A significant decrease in peripheral resistance was produced by the mixture. Subsequent changes were small and inconsistent until there was a prompt increase once the mixture was discontinued.
Blood-gas tensions (table IV) consistently greater in the SV compared with the IPPV group, but there were only minor changes, within each group during the study.
Arterial oxygen tension (PaOj) decreased in both groups of patients after the induction of hypotension and increased again when arterial pressure was restored. These changes were significant only in the IPPV group.
DISCUSSION
This study confirms an earlier clinical study (MacRae, Wildsmith and Dale, 1981) which showed that a 10:1 mixture of trimetaphan and nitroprusside had a potent hypotensive action that was almost as rapid in onset, and recovery, as nitroprusside alone. The synergistic action of the combination means that only very small doses of both drugs are required. Thus, there is little risk of cyanide toxicity as a result of the breakdown of nitroprusside or of the prolonged hypotension frequently associated with larger doses of trimetaphan.
When the mixture was administered before surgery to patients breathing halothane spontaneously, there was little effect on cardiac output; hypotension was caused by a decrease in peripheral resistance. There was a decrease in central venous pressure and stroke volume and a small increase in heart rate. During artificial ventilation at normocapnia, there was a significant decrease in cardiac output when the mixture was administered. In these patients, the hypotension was caused by decreases in both output and resistance. Other changes were similar to those obtained in the SV patients. The 
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61 (14) 1082 (277) 1068 ( difference in heart rate between the two groups during the control period could have been caused by the vagolytic action of alcuronium. It is interesting to compare the effects of this mixture with the effects of nitroprusside and trimetaphan given separately. In supine patients breathing halothane spontaneously, cardiac output increased slightly during the infusion of nitroprusside (Wildsmith et al., 1973) , but was unchanged during the administration of trimetaphan (Scott et al., 1972) . In the latter study patients we're tilted 5°h ead-up after hypotension had been induced and cardiac output and stroke volume decreased (Scon, et al., 1972) . This finding, when associated with the increase in cardiac output that occurred on levelling the operating table in the present study (table IV) , would suggest that the acute cardiovascular effects of the nitroprusside-trimetaphan mixture are intermediate between those of the two drugs when used separately. The differences between them are small and certainly much less than the effect of posture.
Vasodilatation in the head-up position will tend to produce pooling of blood in dependent areas and decrease venous return, stroke volume and cardiac output. In the SV patients, stroke volume did decrease, but the reflex tachycardia was adequate to maintain output. During IPPV, the additional effect of intermittent obstruction of pulmonary blood flow could explain the decrease in cardiac output. Levelling the operating table produced an increase in stroke volume and cardiac output in both groups, as expected.
Previous studies have tended to look only at the effects of hypotensive anaesthesia without surgery. This study continued measurements after the start of surgery and demonstrated that surgical stimuli increased the doses of the drugs required to maintain hypotension and also contributed towards the increase in heart rate. Cardiac output increased between the beginning and end of surgery although the change was not significant in the IPPV group. This "resistance" to induced hypotension has been noted from earlier days (Enderby and Pelmore, 1951) . Presumably these effects are mediated by the sympathetic nervous system and by the release of renin from the juxta-glomerular apparatus, both of which would be expected to increase peripheral resistance. However, this did not occur because the increases in the infusion rates counteracted the vasoconstriction.
Discontinuation of the infusion resulted in a relatively rapid return of all measurements towards control values, although this process was not complete by the end of the study, particularly in the SV patients.
PSLO 2 decreased in most patients when hypotension was induced. The effect was more consistent in patients receiving IPPV and presumably this related to the decrease in cardiac output. The decreases were similar to those shown to occur in patients who received nitroprusside alone (Wildsmith, Drummond and MacRae, 1975) .
PacOi was greater in the S V patients and this may be another reason why cardiac output was better maintained in this group. This, and the other factors mentioned above, would also account for the fact that, although the patterns of cardiovascular changes during the study were similar in the two groups, they were of smaller degree in patients receiving IPPV. It is interesting that the effect of IPPV was not associated with a lower requirement of the hypotensive mixture. Halothane concentration was not closely controlled (although it was constant in individual patients), and this may have affected the pattern of results in the two groups. However, the fact that the readings taken during the control period were similar in the two groups, would suggest that the depth of anaesthesia was similar in both.
We conclude that the effects on the circulation of a 10:1 mixture of trimetaphan camsylate and sodium nitroprusside are very similar to those of sodium nitroprusside alone and that, on account of the reduced risk of cyanide toxicity, the mixture would be indicated in other clinical situations in which nitroprusside is used, for example to control hypertension after cardiac surgery, or in treatment of myocardial infarction.
It should be noted that, in the IPPV group, who were maintained normocapnic, tidal volumes were small and inflation pressures low. The use of hyperventilation might have induced more adverse circulatory effects because of the combination of a decrease in Paco 2 and an increase in intrapulmonary pressure.
